We report an 82-year-old woman who underwent fixation with a long-spanning cable-plate for a bisphosphonate-induced Vancouver B1 periprosthetic femoral fracture. Non-union and breakage of the plate occurred at 16 months and necessitated revision surgery using a long-stem femoral prosthesis augmented with a cable-plate construct. Bone union was achieved eventually after 10 months.
fractures usually occur at the subtrochanteric region or proximal to the mid-shaft of the femur because of high regional tensile stress, and are characterised by unicortical thickening (especially lateral) and transverse or short-oblique fracture pattern. 2 Bisphosphonates minimise bone remodelling and thus the ability to repair, leading to the accumulation of microfractures. Other causes of atypical femoral shaft fracture include Paget's disease of bone and chronic use of steroids or proton-pump inhibitors.
case report
In November 2012, an 82-year-old woman presented with severe pain of the left leg after twisting it at home. In 2009, she had undergone an Austin-Moore hemiarthroplasty for a left femoral neck fracture. She had then been prescribed oral bisphosphonate therapy (Fosamax 70 mg weekly). In 2011, she had undergone sequential bilateral total knee replacement for advanced osteoarthritis.
Radiographs showed a Vancouver type-B1 periprosthetic fracture of the left femur (Fig. 1a) .
A thickened lateral femoral cortex or a 'beak sign' was noted. The fracture configured as an 'inverted square root', and the femoral stem was well fixed. On radiographs taken in 2011, neither a thickened lateral femoral cortex nor a stress fracture line was noted, and the prosthesis was in neutral alignment (Fig. 1b) .
She underwent open reduction and internal fixation using a long-spanning distal femoral locking cable-plate to prevent a stress riser. The proximal fragment was fixed with 3 unicortical screws and 2 gripping cables, whereas the distal fragment was fixed with 7 unicortical screws and a bicortical screw (Fig. 2a) . Postoperatively, she was allowed non-weight bearing walking for 6 weeks and then protected weight-bearing walking for another 6 weeks. The patient could walk with a frame outdoors and a stick indoors.
Osteoporosis screening of serum metabolic markers showed normal parathyroid hormone, thyroid-stimulating hormone, and calcium level, but 25-hydroxy vitamin D level was deficient (40 ng/ ml). One month after fixation, dual-energy X-ray absorptiometry suggested low T-score for the hip (-3.9), femur neck (-3.0), and spine (-2.5). According to the World Health Organization Fracture Risk Assessment Tool (FRAX), her 10-year probability of major osteoporotic fracture was high: her FRAX score was 31 for major fracture risk and 15 for hip fracture risk. She was prescribed subcutaneous injection of teriparatide (Forteo) 20 mcg daily for 18 months.
One year later, radiographs revealed non-union and bone resorption around the fracture site without displacement (Fig. 2b) . She declined revision surgery because of improvement in pain. At 16 months, she was admitted for left thigh pain for 3 days. Radiographs showed breakage of the plate and fracture displacement (Fig. 2c) .
She underwent revision surgery and exchange of the hip prosthesis with a long stem. The patient was placed in the lateral decubitus position under general anaesthesia. A posterolateral approach to the hip extended down to the knee was used following the previous incision. The cable-plate construct was removed. The hip was dislocated posteriorly and the Austin-Moore prosthesis that remained well fixed was removed. The non-union site was debrided and the intramedullary portion was recanalised using drill bits. The fracture site was temporarily reduced using 2 Verbrugge clamps. The femur was reamed, and a bowed long full-coated stem (Solution; DePuy Synthes) was inserted, and the fracture gap was kept to a minimum. The construct was augmented with a long 5.0-mm metaphyseal locking compression plate (DePuy Synthes) spanning the fractures with 3 cables over the proximal fragment and 2 cables and 2 locking screws at the distal fragment (Fig. 3a) . The fracture gap was filled with autologous iliac crest cancellous grafts. A bipolar femoral head was inserted and the hip was reduced and stability tested. The pseudocapsule was closed and a low suction drain was inserted. 
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She was allowed protected weight-bearing walking for 6 weeks and then full-weight bearing walking. At the 10-month follow-up, complete bone union was achieved (Fig. 3b) .
discussion
In 2 large-scale studies in the Netherlands 3 and Sweden, 4 the use of bisphosphonates resulted in no absolute increased risk of atypical femoral shaft fractures, with more intention to treat than harm.
The Vancouver classification is reliable and valid for postoperative periprosthetic fractures around the femoral stem; it takes into account fracture location, stability of the implant, and the quality of the femoral bone stock. 5, 6 Type B1 fractures with a well fixed stem in neutral alignment are typically treated with open reduction and internal fixation using cables and plates, compression plating, cortical onlay allograft struts, or a combination of these methods. 7 Revision surgery should be considered when the stem is in varus malalignment. 8, 9 The plate should span over the stem to prevent a stress riser. When fixing a long bone it is preferable to have 8 cortices screw purchase on each side of the fragment, but this is difficult to achieve because of the presence of a canalfilling cementless stem or the fear of destabilising the cement mantle in a cemented stem. This can be solved by using unicortical screws or directing the screws more posteriorly to the dense bony ridge at the linear aspera. Moreover, cerclage cables can be locked or rest stably on the plate with a combination of cable plugs to augment the fixation.
An anatomically contoured locked screw plate is used specifically for periprosthetic fractures of osteoporotic bone. 10 It serves as an 'internal-fixator' and is particularly beneficial when only unicortical screws are used. It acts as a fixed-angle device with improved pull-out strength and can be used with the minimally invasive plate osteosynthesis technique to minimise disturbance to the local blood supply.
Transverse or short oblique fractures at the tip of the femoral stem are inherently unstable and difficult to treat with a plate alone. 11 Revision to a long-stem prosthesis bypassing the most distal part of the fracture by at least twice the femoral shaft diameter (like an intramedullary nail) may be more appropriate. Revision to a long stem augmented with allograft struts and cerclage cables results in excellent strength and stability. 12 The non-union in our patient was multifactorial. The transverse fracture pattern was inherently unstable. The fracture was located at the watershed between a stiff (prosthesis in situ) and a pliable region (distal to stem tip). The patient had an atypical fracture secondary to long-term bisphosphonate treatment. The fixation was not sufficiently strong or stable because of limited fixation points above the fracture. The inherent design of the plate could not be extended to the greater trochanter. A precontoured plate that covers the greater trochanteric area should have been used. Insufficient cortical purchase of locked screws over the distal fragment might have compromised the stability of the construct. It was not an optimal option to revise a well-fixed prosthesis with a long-stem implant at the first surgery. Nonetheless, when there is suspicion of a bisphosphonate-related atypical fracture or when there is a transverse fracture, a more aggressive approach using a long-stem implant plus a cable-plate construct is recommended.
disclosure
No conflicts of interest were declared by the authors. 
